Introduction
============

Internal carotid artery (ICA)-ophthalmic artery aneurysms have a small proportion of intracranial aneurysms. They constitute 0.3% to 1% of intracranial aneurysms and 0.9% to 6.5% of aneurysms of the ICA.^[@B1]^ Yasargil^[@B2]^ reported that 18% of patients with aneurysms of the ophthalmic segment presented with visual symptoms. It is rare, however, for the aneurysm to penetrate or physically split the optic apparatus. There have been only a limited number of case reports illustrating optic nerve penetration by an ophthalmic artery aneurysm.^[@B3]--[@B6]^ We report a case of an ICA-ophthalmic artery aneurysm with penetration of the optic nerve. In addition, our case penetrated the falciform ligament, which severely disturbed optic canal unroofing during surgery. This is the first reported case in which penetration of the optic nerve and falciform ligament has been shown.

Case Report
===========

The patient was a 62-year-old woman with no significant medical history. She had presented with blurred vision in her left eye for 1 month. Magnetic resonance imaging (MRI) scans demonstrated a less than 1 cm cerebral aneurysm arising from the wall of the left ICA and existed nearby left optic nerve ([Fig. 1A, C](#F1){ref-type="fig"}). Cerebral angiograms confirmed that the ICA aneurysm originated from the ophthalmic segment, just distal to the origin of the ophthalmic artery, and measured 7 mm (height) with a 3 mm neck ([Fig. 1B](#F1){ref-type="fig"}). After informed consent for surgical treatment, the patient received a left pterional craniotomy after exposure of left ICA in the neck. The dissection was continued to the right optic nerve-chiasm junction. A reddish part in the falciform ligament covered the optic nerve ([Fig. 2A](#F2){ref-type="fig"}, *arrow*). After removing the falciform ligament for optic canal unroofing, the tip of the aneurysm penetrated the optic nerve ([Fig. 2B](#F2){ref-type="fig"}, *arrow*). The aneurysm also penetrated the optic sheath and eroded the bone edge at the entrance of the optic canal. It was immediately apparent that it would be necessary to drill the anterior clinoid process and optic canal to uncover the proximal neck. A part of the anterior clinoid process and the roof of the optic canal were removed carefully by an ultrasonic bone curette ([Fig. 2C](#F2){ref-type="fig"}). The direction of the bone curette was used parallel to the aneurysmal dome not to injure its wall. After that thinned bone was removed by micro dissector. This scalpel was very useful because the surface of the scalpel was moved towards the opposite side of the dome of the aneurysm. The aneurysmal neck was confirmed at the origin of ophthalmic artery and the dome was detached from the optic nerve. The patient underwent successful clipping of the aneurysm, with application of a Yasargil clip under the left optic nerve ([Fig. 2D](#F2){ref-type="fig"}). Postoperative computed tomography (CT) angiography demonstrated complete obliteration of the aneurysm. The patient\'s postoperative course was uneventful, and her lower quadrantanopsia and visual acuity remained unchanged at the 3-month follow-up examination.

Discussion
==========

Eight cases of penetration of the optic apparatus by an intracranial aneurysm have been reported.^[@B1],[@B3]--[@B9]^ Four were ICA-ophthalmic artery aneurysms, three were anterior communicating artery aneurysms, and one was an ICA anterior wall aneurysm.

Our case is noteworthy in two respects. First, the aneurysm penetrated not only the optic nerve but also the falciform ligament and eroded the bony structure. This is the first reported case of falciform ligament penetration. The aneurysm was confirmed to penetrate through the falciform ligament. Second, for surgery it is necessary to remove the anterior clinoid process for neck clipping. Removal of the anterior clinoid process and the optic canal unroofing was extremely dangerous in this case. The ultrasonic bone curette was very useful to avoid accidental injury of the aneurysm.

Regarding the mechanism of optic nerve penetration in the unruptured aneurysm, in a previous report, it occurred with a rapidly expanding unruptured aneurysm.^[@B4]^ There has been only one case report describing this mechanism. Fujita et al. (2002)^[@B4]^ described the potentially aggressive behavior of unruptured aneurysms of the ophthalmic segment and hypothesized that a rapid increase in aneurysm size allowed the aneurysm to push through the tightly bound fibers of the optic nerve. In another report by Jea et al. (2003)^[@B5]^ the aneurysm grew slowly with time, in a direction dictated by hemodynamic flow factors, so that the vector of expansion was directed towards the part of the optic nerve that eventually became the split. It is difficult to conclusively prove the exact mechanism of optic nerve penetration in our case. About the site of aneurysm neck, we confirmed an ophthalmic artery during surgical procedure. But an anomalous artery sometimes originates from the ICA at the branching of the ophthalmic artery. The anomaly might be explained by persistence to the time of full development of a vascular anastomotic loop normally present only in the embryo. One possibility is the transitory communication between primitive dorsal and ventral ophthalmic arteries. The other is a potential anastomosis between the primitive olfactory and maxillary arteries. These discussions were described by Kanamaru et al (2007).^[@B1]^

As for use of the ultrasonic bone curette, after identifying the proximal orifice of the optic canal extradurally, bone resection could be initiated from the proximal edge of the canal roof.^[@B10]^ This is easily accomplished by placing the tip of the ultrasonic bone curette on the edge of the canal roof and applying the ultrasonic energy in short bursts.^[@B10]^ The bone resection proceeds in a proximal-to-distal direction. In addition, the ultrasonic bone curette has another technical advantage. During the unroofing procedure, we were always able to identify the edge of the bone. This allowed us to resect only as much of the bone over the canal as was necessary, always knowing how much of the canal had been opened.^[@B10]^ Drilling of the optic canal, however, poses its own risks to the optic nerve. Any inadvertent contact of the rapidly rotating drill bit with the optic sheath or the frontal dura will create a tear and may even damage the nerve or the frontal lobe. Especially in our case, it was extremely difficult to remove the anterior clinoid process because of the nearby aneurysm dome. Thus the ultrasonic bone scalpel was especially useful in our case.

As for preoperative diagnosis, to confirm the relationship between aneurysm and optic nerve, coronal thin slice MRI is necessary. Furthermore in the case with preoperative severe visual field loss or loss of visual acuity, intravascular should be considered. During neck clipping of paraclinoid aneurysms, we emphasized that exposure of cervical ICA is necessary.

In summary, we describe for the first time a case involving penetration of the optic nerve and falciform ligament. In addition, to remove the anterior clinoid process in this case, the ultrasonic bone curette was a useful tool.

![Preoperative images. A: Magnetic resonance (MR) angiography indicated a left internal carotid artery (ICA) aneurysm (*arrow*). B: Left internal carotid angiogram disclosed an ICA-ophthalmic artery aneurysm (*arrow*). C: Original MR angiography images indicated the aneurysm close to the optic nerve (*arrow*).](nmc-54-211-g1){#F1}

![Intraoperative view. A: The aneurysm was through the falciform ligament (*arrow*). B: After removal of the falciform ligament, the aneurysm penetrated the optic nerve and eroded the roof of the optic canal (*arrow*). C: After removal of the anterior clinoid process, the neck of the aneurysm was confirmed (*arrow*). D: After clipping, the aneurysm shrank.](nmc-54-211-g2){#F2}
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